FIGURE
2. The geographic variation in the allelic frequencies at the esterase-1 locus in populations of Aplonis met&cu.
The frequency of an allele in a population is proportional to the area of the circle occupied by its symbol. Allelic frequencies at Karkar Island localities 2 and 3 are essentially identical for the purpose of illustration (see table 2).
EDTA-Na,
as an anticoagulant. Those birds shot were bled immediately, while those birds caught in mist nets were bled after returning to a field laboratory. Blood samples were centrifuged at ambient temperature to separate plasma and red cells. The latter were washed once with 0.9% NaCl. Both plasma and red cell samples were stored at -10°C in the field and then transferred to a Revco Freezer held at -100°C. During transit to the United States, samples were kept frozen with dry ice. The majority of the heart and breast muscle samples were taken at the time the birds were collected.
To extract enzymes, the tissues were placed in approximately four times their weight of a solution containing phenoxyethanol, sucrose, and phosphate buffer (Nakanishi et al.
1969; Karig and Wilson 1971).
Tissues were extracted overnight at room temperature or at 4°C and then frozen. A few heart and breast muscle samples were not taken immediately after the collection of a bird. In these cases the whole carcass was frozen and the tissue samples taken at a later date. Aliquots (0.01 ml) of tissue extract or plasma were analyzed by horizontal starch-gel electrophoresis at either pH 6.0 or 8.6. The pH 6.0 buffer composition was that described by Karig and Wilson ( 1971) . The pH 8.6 system was composed of 0.076 M Tris (hydroxymethyl) aminomethane, 0.005 M citric acid, 0.015 M boric acid, and 0.005 M lithium hydroxide. The electrode buffer of the pH 8.6 system was composed of 0.3 M boric acid and 0.1 M lithium hydroxide. In each electrophoretic separation, a control sample of a recognizable phenotype was run on each side of the starch-gel slab to facilitate the scoring of phenotypes. Many of the samples were analyzed on board the R/V Alpha Helix and the accuracy of the scoring was verified by independently analyzing samples in laboratories at Yale University, the University of California, Berkeley, and the University of Connecticut, Storrs. Both buffer systems satisfactorily resolved the lactate dehydrogenase (LDH) and the major anodal esterase variants but only the pH 6.0 system resulted in the sharp resolution of malate dehydrogenase ( MDH) bands. After electrophoresis, the gels were sliced into three slabs and each was assayed for a different protein.
Esterases were detected using 20 mg a-naphthyl acetate and 50 mg of either Fast Garnet GBC salt or Fast Blue RR salt in 100 ml of 0.1 M phosphate buffer, pH 6.0. The lactate dehydrogenase reagent contained 10 ml of 1.0 M Na-m-lactate, 30 mg NAD, 20 mg nitro blue tetrazolium, and 2 mg phenazine methosulohate in 90 ml of 0. 1968) . These are each tetramers that result from the random combination of two types of polypeptide subunits known respectively as M (muscle) and H (heart) or A and 13, or 2 and 1. The subunit compositions of the five tetramers are given by the formulae Hq, HsM1, H2M2, HIMR, and Mq. Although similar in size, the polypeptide subunits are the products of different genes. The gene controlling the synthesis of the H subunit is normally most active in heart tissue, while the gene for M subunits is most active in skeletal muscles.
After electrophoresis, heart extracts prepared from A. cuntoroides exhibited a major anodal band having LDH activity.
Other faint anodal bands that migrated less far were observed; these were presumably the Md, M3H1, MzH2, and M1H3 tetramers. On the basis of each of the tests listed in the methods section, the major heart LDH band of one A. cantoroides specimen was identified as being homologous to the Hq isoenzyme of the chicken.
An extensive polymorphism was found at the LDH-H locus of A. metallica. Five electrophoretic pattern types (phenotypes) were The patterns are designated according to the genotypes inferred to code for the respective enzymes. observed among the 354 specimens sampled ( fig. 3) . The subunit composition of these five phenotypes is assumed to be identical to the model postulated for other similar data (Vesell 1965) . Thus the five phenotypes are accounted for by postulating that three allelic forms of the LDH-H gene control the synthesis of the H subunits of A. metallica. These we designate Ldh-Ha, Ldh-Hb, and Ldh-H". Assuming random combination of the allelic products in heterozygous individuals, each such individual would produce five tetramer types in the proportions 1:4:6:4:1. Three heterozygous phenotypes each having the five tetramer types present in the expected proportions were found ( fig. 3 ). Only two of the predicted phenotypes produced by homozygous individuals, those of Ldh-Ha/" and Ldh-H"l" genotypes, were found due to the rarity of the Ldh-He alleles in all populations.
In contrast to the predominantly polymorphic character of the LDH-H locus of A. metallica that of A. cantoroides was essentially monomorphic. All but 2 of the 108 individuals sampled were homozygous for the same allele of heart muscle lactate dehydrogenase. This Only one region of esterase activity in the zymograms could be scored accurately. This was true for samples of plasma and extracts of heart muscle, breast muscle, and liver of both species of starling. This esterase migrated rapidly toward the anode at pH 6.0 and 8.6, and is probably homologous to the carboxyl esterase of the Muscovy Duck (Cairina moschata) described by Holmes and Masters A lactate dehydrogenase polymorphism previously was reported for one avian species, the Rock Dove or common pigeon (Zinkham et al. 1963 (Zinkham et al. , 1964 (Zinkham et al. , 1966 However, this situation is not necessarily due to barriers to gene flow since differences in selective regimes could establish similar allelic frequency differences. Indeed, a grouping of the three Karkar Island populations results in a significant Chi-squared value. Since Karkar Island has a diameter of about 12 miles, it is highly probable that the various colonies on this island exchange individuals. Thus, it is logical to infer either that selection pressures vary significantly on different parts of Karkar Island or that these results are an artifact of sampling. The same conclusion also applies to the Wewak localities. In contrast to the results obtained for the LDH genotype frequency data, the homogeneity of the esterase genotype frequency data indicates that either there is rather extensive gene flow among the localities sampled for A. metallica, or that selection pressures on the three esterase alleles are more or less uniform for all populations. Patently, there are several possible explanations for the observations made here. If there is extensive gene flow among populations, then selection tends to oppose changes in allelic frequencies at the LDH locus whereas allelic frequencies at the esterase-1 locus are essentially uniform due to panmixia and weak and/or uniform selection pressures. Alternatively, if gene flow between populations is restricted or nonexistent, then selection pressures for the esterase alleles must be more or less uniform throughout the distribution of A. metallica, while selection pressures acting on the LDH alleles vary among the populations sampled.
The above two alternatives primarily give consideration to those factors that maintain allelic variation rather than to the mechanism that gave rise to the observed polymorphisms. It is possible that the LDH-H and Es-l alleles were and perhaps still are selectively equivalent. In the absence of migration, it would take approximately 4N, generations to fix a selectively equivalent allele in a population (Kimura and Ohta Because the Chi-squared test for homogeneity cannot deal adequately with expected values less than 5, the biologically interesting aspects of our data, i.e., the rarity of the Es-l& and Ldh-He alleles in most populations and the prevalence of the Es-ld allele on Karkar Island (tables 1 and 2)) are necessarily ignored when the contributions of some genotypes are excluded from the Chi-squared calculations. Furthermore, the LDH allelic frequencies appear to vary clinally along the Bismarck Archipelago (table 1 and fig. 1 ). This suggests that either selection acting on LDH function varies in some linear fashion over this part of the range of A. metallica and is independent of any selection pressure acting on esterase function, or that migration of individuals from areas characterized by a high frequency of the Ldh-H" allele (Lorengau or Kavieng) to areas with a lower proportion of this allele accounts for the observed cline.
Unfortunately, we know nothing about the selection pressures acting on Metallic Starling LDH and esterase loci nor can we estimate the extent of immigration into and emigration from the various breeding populations since virtually nothing is known about the longterm movements of this species. If the enzymes synthesized under the control of different alleles are functionally different, they may be selected differentially at the various geographic locations (Koehn 1969). Hypothetically, if selection favors one allele in one part of the distribution of a species and a second allele is favored in another part of the range, then the allelic frequencies may vary clinally from one locality to another. The frequencies of the two alleles will vary proportionately to one another; as one increases the other decreases. If populations exchange individuals each generation, this situation should result in gradients of allelic frequencies regardless of whether selection pressures vary gradually across the distribution of the species. Gene flow between populations may act to negate the effects of differential selection and will tend to equalize the frequency of an allele in the various populations if they actually contribute to a larger, panmictic population. The larger the effect of migration relative to the force of selection, the more nearly will the allelic frequency at each locality equal an average value (Prakash et al. 1969). Given the limitations of the data presented herein, one might conclude that gene flow rather than differential selection is the more important in reducing the allelic variation at the Es-l locus. On the other hand, interpopulation variation at the LDH-H locus suggests that differential selection, acting in opposition to gene flow, plays a greater role in maintaining the allelic frequencies at this locus.
With regard to genetic differentiation among populations of A. cantoroides, several points can be made. Genetic theory predicts that in small, isolated populations genetic drift will play a predominant role in determining allelic frequencies and one expects to find relatively little polymorphism in such populations. Those loci that are polymorphic near the center of distribution of a species may be monomorphic in isolated or peripheral areas. This appears to be the situation for the Es-l locus of A. cantoroides. Es-l", which is highest in frequency in the Rabaul, Karkar Island, and Madang populations, is fixed in the Lorengau, Manus Island population (table  3) . However. the opposite condition is found at the LDH-H locus. It is polymorphic in the Lorengau population and Ldh-Hb is fixed in the other three populations (table 3) .
We can only speculate on the origin of Ldh-HL' in the Lorengau population of A. cantoroides. As mentioned above, it appears to be identical to Ldh-He of A. metallica on the basis of its electrophoretic behavior. It seems unlikely that this allele would have arisen independently in the two species subsequent to their divergence from a common ancestor. Rather, it is probable that Ldh-HB was present in ancestral populations prior to speciation and has subsequently been maintained in some populations of both species. In those populations in which it has not been found, it may exist but at frequencies too low to be detected given the sample sizes of this study.
In contrast to the interpopulation similarity in the allelic frequencies of esterase-1 of A. metullica, the variation at this locus of A. cantoroides is significant. The arguments set forth above to explain the observed differences in allelic variation in populations of A. metallica apply equally to the data for A. cantoroides. However, the breeding behavior of the Singing Starling tends to space out individuals to a much greater degree than is true for the Metallic Starling. Therefore, it seems that gene exchange between adjacent localities may occur more frequently for A. cantoroides. If this is true, then the population differences in allelic frequencies at the Es-l locus are probably due to differential selection acting in opposition to gene flow. Assuming our inferences to be correct, we may deduce that selection pressures on the Es-l and LDH-H loci of the Singing Starling are substantially different from those acting on the homologous loci of the Metallic Starling. 
SUMMARY

